Introduction
Recently, prior to its approval elsewhere in the world, lenvatinib became available in Japan as a new molecular targeted agent for the first-line treatment of unresectable advanced hepatocellular carcinoma (HCC) [1] . 18 F-fluorodeoxyglucose positron emission tomography/ computed tomography ( 18 F-FDG-PET/CT) positivity was reported to be strongly associated with poorly differentiated HCC [2] . 18 F-FDG-PET/CT-positive HCC is usually a negative predictor of the response to various treatments (i.e., surgical resection, transarterial chemoembolization [TACE] , and sorafenib) [3] [4] [5] [6] . However, the usefulness of 18 F-FDG-PET/CT in predicting the response to lenvatinib treatment is not clear. Various tyrosine kinase inhibitor (TKIs) are currently available, although their early responses after the initiation of treatment have not been determined, especially in cases of poorly differentiated HCC. Because the progression of poorly differentiated HCC is usually rapid, determining the early treatment response while liver function remains preserved can provide an opportunity to switch to another TKI if the effect of the current TKI is insufficient. The main aim of this study was therefore to evaluate the relationship between the tumor-to-normal liver standardized uptake value ratio (TLR) on 18 F-FDG-PET/CT and the early tumor response to lenvatinib (2 weeks after initiation) to verify the utility of 18 F-FDG-PET for predicting the response to lenvatinib treatment.
Patients and Methods

Study Population
From April 2018 to June 2019, 80 patients received systemic anticancer treatment using lenvatinib for unresectable HCC at the Department of Hepatology, Toranomon Hospital, Tokyo, Japan. The inclusion criteria for the study were: (1) dynamic CT or magnetic resonance imaging (MRI) performed prior to the initiation of lenvatinib, (2) a tumor showing hyperenhancement in the arterial phase of dynamic CT or MRI, (3) 18 F-FDG-PET/CT performed prior to initiation of lenvatinib, (4) triple-phase dynamic CT or MRI performed to evaluate the treatment response 2 weeks after initiation of lenvatinib, (5) Child-Pugh class A liver function at the time of lenvatinib initiation, (6) Barcelona Clinic Liver Cancer (BCLC) stage A-C tumor(s), (7) an unresectable HCC with the patient not wanting to undergo local ablation or chemoembolization therapy for various reasons (i.e., tumor size, number, and location; extrahepatic metastasis; TACE failure/refractoriness [7] ; and various complications), (8) no treatment history of lenvatinib, (9) a treatment interval > 28 days since previous TKI (sorafenib or regorafenib) therapy, and (10) an observation period of ≥4 weeks. A total of 28 patients met these inclusion criteria.
Diagnosis of HCC
The diagnosis of HCC was based predominantly on imaging analysis using dynamic CT or MRI. When a liver nodule showed hyperattenuation in the arterial phase of the dynamic study and washout in the portal or delayed phase, the nodule was diagnosed as HCC.
Imaging Analysis of HCC Using 18 F-FDG-PET/CT
Within the month prior to the initiation of lenvatinib, 18 F-FDG-PET/CT was performed using a dedicated whole-body PET scanner (Biograph mCT Flow40, Siemens Healthcare, Germany). Using SYNAPSE VINCENT v4 (Fujifilm Medical Systems, Japan) software for semiquantitative analysis, the volume of interest (VOI) was drawn along the outline of the tumor, and maximum standardized uptake value (SUV-max) and mean SUV (SUV-mean) in each intra-and extrahepatic target tumor were calculated. Of the lesions measured, that with the highest 18 F-FDG up take was selected and used to calculate the TLR. Next, to measure normal liver activity, 3 non-overlapping spherical 1-cm 3 VOIs were drawn in the liver (2 in the right lobe and 1 in the left) on the axial PET images, avoiding the HCC areas seen on dynamic CT. The TLR was calculated using the following equation: TLR = SUV-max of the tumor/SUV-mean of the normal liver. Based on previous reports [3, 6, 8] , we selected a TLR ≥2 to indicate high malignant potential.
Lenvatinib Treatment and Assessment of Adverse Events
Lenvatinib (Eisai, Tokyo, Japan) was given orally (8 mg/day to the patients weighing < 60 kg, or 12 mg/ day to those weighing ≥60 kg). Treatment was discontinued when any unacceptable or serious adverse events (AEs) or significant clinical tumor progression were observed. According to the guidelines for the administration of lenvatinib, the drug dose should be reduced or the treatment interrupted if a patient develops grade ≥3 AEs or any unacceptable drug-related grade 2 AEs. AEs were assessed using the National Cancer Institute's Common Terminology Criteria for Adverse Events v4.0 [9] . If a drug-related AE occurred, a dose reduction or temporary interruption was implemented until the AE improved to grade 1 or 2, according to the guidelines provided by the manufacturer.
Treatment Response Evaluation
Treatment response was evaluated according to modified Response Evaluation Criteria in Solid Tumors (mRECIST) [10] . The tumor was examined by dynamic CT or MRI at 2 weeks.
Follow-Up Protocol
Physicians examined the patients every 1-2 weeks after the initiation of lenvatinib, and biochemical laboratory and urine tests were also performed. After initiation of lenvatinib, patients underwent dynamic CT or MRI to evaluate the early treatment response at 2 weeks. After evaluation of the treatment response, dynamic CT or MRI was performed every 2-3 months.
Statistical Analysis
Data are expressed as median (range). Differences in background features between each parameter were analyzed by means of the χ 2 test or Fisher exact test. Progression-free survival (PFS), post-progression survival (PPS), and overall survival (OS) rates were calculated from the time of lenvatinib administration using the Kaplan-Meier method. Differences in the PFS according to the TLR value were determined by the log-rank test. Independent factors associated with the treatment response were evaluated by multivariate logistic regression analysis. Potential prognostic factors for an objective response at 2 weeks after initiation of lenvatinib included the following: sex, age, body mass index, etiology of background liver disease, platelet count, prothrombin activity, levels of serum albumin, bilirubin, aspartate aminotransferase, α-fetoprotein (AFP), and des-γ-carboxy prothrombin (DCP), the tumor diameter, the number of tumors, extrahepatic metastasis, TLR on 18 F-FDG-PET/CT, and initial lenvatinib dose. In the multivariate analysis, the integrated score was excluded to detect true factors.
For the univariate and multivariate analyses, several variables were transformed into categorical data consisting of 2 simple ordinal numbers (i.e., 1 and 2). All factors that were at least marginally associated with the objective response (p < 0.15) in the univariate analysis were then entered into the multivariate analysis. Significant variables were selected by a stepwise forward selection method. A two-tailed p value < 0.05 was considered to indicate statistical significance. The statistical analysis was performed using the Statistical Package for Social Sciences, v26.0 (SPSS Inc., Chicago, IL, USA). Table 1 summarizes the clinical profiles and laboratory data of the 28 HCC patients treated with lenvatinib in this study. All patients received an initial dose of lenvatinib according to their body weight. Based on the pretreatment imaging analysis, the median tumor diameter was 25.4 mm. Of the 17 patients with BCLC stage A/B disease, 14 (82%) met the up-to-seven criteria. Eleven of the 28 patients (39%) had BCLC stage C disease, 2 of whom (18%) presented with macrovascular invasion (Vp2 and Vv2) and 10 (91%) with extrahepatic metastasis. The median levels of AFP and DCP were 68.5 µg/L and 58.5 AU/L, respectively. The median pretreatment TLR on 18 F-FDG-PET/CT was 1.6 and 12 of the 28 patients (43%) presented with a TLR ≥2. At the time of data lock (28 July 2019), the median observation period was 8.1 months. Optional data on the relative dose intensity (RDI) of lenvatinib were expressed as median (range) as follows: 80% (40-100%) at 2 weeks, 70% (32-100%) at 4 weeks, 60% (30-100%) at 8 weeks, and 55% (30-100%) at 12 weeks.
Results
Clinical Profiles and Laboratory Data
Evaluation of the Treatment Response to Lenvatinib at Two Weeks
According to the treatment response evaluation using mRECIST conducted at 2 weeks, 4 of 28 patients (14%) exhibited a complete response (CR), 13 (46%) a partial response (PR), and 11 (39%) had stable disease (SD). No patient had progressive disease (PD). Therefore, 17 of 28 patients (61%) experienced a rapid objective response at 2 weeks.
Relationship between an Early Treatment Response at Two Weeks and the TLR on 18 F-FDG-PET/CT
In this study, a cut-off TLR of 2 was used to define HCC with a high malignant potential. Of the 12 patients with a TLR ≥2, 2 (17%) had a CR, 8 (67%) a PR, and 2 (17%) an SD. No Values are expressed as median (range) or n (%), unless otherwise indicated. AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; AST, aspartate aminotransferase; DCP, des-γ-carboxyprothrombin; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; TACE, transcatheter arterial chemoembolization; TKI, tyrosine kinase inhibitor; TLR, tumor-to-normal liver ratio. patient had a PD. Finally, 10 patients (83%) achieved an objective response early after treatment initiation (2 weeks). In contrast, of the 16 patients with a TLR < 2, 2 (13%) had a CR, 5 (31%) a PR, and 9 (56%) an SD, with no patient having a PD. Finally, 7 (44%) with a TLR < 2 achieved an objective response. The objective response rate tended to be higher in patients with a TLR ≥2 (p = 0.054) ( Fig. 1) .
Predictors of an Objective Response Two Weeks after Lenvatinib Initiation among Baseline Clinical Variables
Of the multiple baseline clinical variables evaluated in the multivariate logistic regression analysis, only 1 independent predictor of an early objective response 2 weeks after lenvatinib initiation was identified: a TLR ≥2 (odds ratio [OR] 10.53; 95% confidence interval [CI] 1.30-85.65; p = 0.028) ( Table 2) .
PFS Rate according to the TLR
The cumulative PFS rate after initiation of lenvatinib was 93.8% after 3 months, 60.3% after 6 months, and 60.3% after 9 months in patients with a TLR < 2 versus 83.3%, 35.7%, and 35.7%, respectively, in patients with a TLR ≥2. The cumulative PFS rates were not significantly different according to the TLR (p = 0.518) ( Fig. 2a ).
PPS Rate according to the TLR
In patients with a TLR < 2, the cumulative PPS rate after diagnosis of a PD was 100% after 3 and 6 months compared with 66.7% at both these times in patients with a TLR ≥2. These cumulative PFS rates according to the TLR were not significantly different (p = 0.157) (Fig. 2b) . Seven patients were diagnosed with a PD state within the observation period, with 6 (86%) continuing to receive lenvatinib treatment.
OS Rate according to the TLR Only 2 patients in the PET-positive (TLR ≥2) group died during the observation period. The cumulative OS rate after initiation of lenvatinib remained at 100% after 3, 6, and 9 months in patients with a TLR < 2, compared with 100%, 90%, and 77.1%, respectively, in patients with a TLR ≥2. The cumulative OS rates tended to be higher in patients with a TLR < 2 than in those with a TLR ≥2 (p = 0.084) (Fig. 2c) . Fig. 1 . Relationship between the early treatment response to lenvatinib at 2 weeks and the tumorto-normal liver standardized uptake value ratio (TLR) measured by 18 F-FDG-PET/CT. CR, complete response; ORR, objective response rate; PR, partial response; SD, stable disease. The composition ratio is rounded off to the first decimal place and therefore the total will not necessarily be 100. AFP, α-fetoprotein; AST, aspartate aminotransferase; CI, confidence interval; DCP, des-γ-carboxyprothrombin; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; OR, odds ratio; TLR, tumor-to-normal liver ratio.
F-FDG-PET/CT is considered a useful method for predicting the degree of histological differentiation on imaging analysis. 18 F-FDG-PET/CT positivity has been reported to be strongly associated with poorly differentiated HCC [2] and is therefore often a negative predictor of the response to various treatments [3] [4] [5] [6] . However, the usefulness of 18 F-FDG-PET/CT for predicting the response to lenvatinib treatment is not clear. As mentioned above, because 18 F-FDG-PET/CT-positive HCC is highly associated with histologically poor differentiation, it is desirable to determine the effect of treatment at an early time point. Therefore, in this study, we evaluated the relationship between the TLR on 18 F-FDG-PET/CT and the The results of our multivariate logistic regression analysis indicated that a TLR ≥2 was predictive of an early objective response at 2 weeks (OR 10.53; p = 0.028) and associated with an acceptable PFS and OS rate compared with a TLR < 2 (Fig. 2a, c) . Figure 3 illustrates our concept of the therapeutic effectiveness of considering TLR on 18 F-FDG-PET/CT. In this study, HCC nodules with a TLR ≥2 showed a significant early tumor response, although there was no significant difference in PFS according to the TLR value. On the other hand, the PPS was relatively poor in the TLR ≥2 group. We speculated that even if the HCC has a high malignant potential (TLR ≥2), if an objective response is achieved, this does not affect PFS. However, PPS and OS tended to be higher in patients with a TLR < 2 than in those with a TLR ≥2. These results indicate that lenvatinib decreases the rate of tumor growth and extends PFS, regardless of the TLR value. However, from many previous reports and our study results, the estimated PPS and OS of PET-positive HCC is poor. We therefore predict that the prognosis of a patient with a PET-positive HCC will not exceed that of a patient with a PET-negative HCC.
Several years ago, Harimoto et al. [11] reported that increased FGFR2 expression correlated significantly with poor histological differentiation, a higher incidence of portal vein invasion, and a high AFP level. As previously mentioned, there is evidence that 18 F-FDG-PET/ CT-positive HCC is associated strongly with poor histological differentiation. Therefore, potential FGFR inhibition by lenvatinib may have influenced our results. Alternatively, these results may have been influenced by the small sample size, making it necessary to verify the results in a future multicenter study on a greater number of patients.
This study had some limitations. First, it was a retrospective, single-center, cohort study on a small number of patients. Second, the diagnosis of HCC was based exclusively on imaging analysis. Third, the follow-up period of the trial was short compared with that of the global Phase III REFLECT trial [12] (i.e., a median follow-up period of 8.1 and 27.7 months, respectively). It was therefore not possible to carry out a high-quality prognostic analysis. Fourth, although FDG-PET/CT analysis is an optional imaging tool, for various reasons it is not as easy to perform as other types of imaging such as CT or MRI, e.g., the relatively high cost and the small number and uneven distribution of the required instruments. A large-scale, multicenter study is necessary to evaluate the utility of 18 F-FDG-PET in predicting the response of HCC to lenvatinib. Fig. 3 . Concept of therapeutic effectiveness by consideration of the tumor-to-normal liver standardized uptake value ratio (TLR). Regardless of the TLR value, the rate of tumor growth decreased (downward arrows) and progression-free survival (PFS) was extended (rightward arrows). However, a high malignant potential hepatocellular carcinoma (HCC), i.e., with a TRL ≥2, was associated with poor post-progression survival. We therefore predict that the prognosis of patients with a PET-positive HCC will not exceed that of patients with a PET-negative HCC.
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